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1. SCOPE. -
15 1 This specification covers the following aircraft:
Service Model Designation: XV-5A

Ryan Aeronautical Company Model: 143

Crew: 1 Pilot, or 1 Pilot and passenger
or observer,

Engines: 2 General Electric J85-5 Turbo-
jets, combined with 2 wing fans,
designated as the X353-5B con-
vertible propulsion system, and
1 X376 pitch fan.

1.1.1 The mission of the aircraft is to evaluate flight characteristics of the
lift-fan propulsion system in VTOL and conventional flight modes.

2. APPLICAELE DOCUMENTS, -

2.1 The following specifications, standards, and publications current on
1 June 1961 (except where noted) shall be used as guides in design of the aircraft de-
tailed by this specification.

2.1.1 Specifications, -

MIL-A-8806 (ASG) Acoustical Noise Level in Aircraft, General Spec-
ification for.

MIL-A-8860 Airplane Strength and Rigidity, General Specifi-
cation for.
MIL-A-8870 Airplane Strength and Rigidity, Vibration, Flutter,

and Divergence.
MIL-B-5087A (ASG) Bonding Electrical, for Aircraft.
MIL-B-8584A Brake Systems, Wheel, Aircraft, Design of.

MIL-C-5041B Casings, Tire and Tubeless Tires, Aircraft
Pneumatic.



MIL- D-7006A (ASG)

MIL-E-25499A

MIL-E-26144

MIL-E-5272C

MIL-E-5400E (ASG)

MIL-E-7016C

MIL-E-7017

MIL-E-7080A

MIL-F-25352

MIL-F-8785

MIL-H-5440C

MIL-H-8501
MIL-I-6140A (ASG)
MIL-I-7032D (ASG)
MIL-J-8711

MIL-L-5667A (ASG)

MIL-L-6503D

Detecting Systems, Fire, Aircraft, Continuous
Type, Installation of,

Electrical Systems, Aircraft, Design of, General
Specification for.

Electrical Power, Missile, Characteristics and
Utilization, General Specification for.

Environmental Testing, Aeronautical and Assoc-
iated Equipment, General Specification for.

Electronic Equipment, Aircraft, General Specifi-
cation for.

Electric Load and Power Scurce Capacity, Analysis
of, Method for Aircraft and Missiles.

Electrical Load Analysis, Method for Aircraft. DC.

Elcectric Equipment, Piloted Aircraft Installation
and Selection of, General Specification for,

Flutter, Divergence, and Reversal in Aircraft,
Prevention of.

Flying Qualities of Piloted Airplanes:

Hydraulic Systems, Aircraft Types I and II, Design,
Installation, and Data Requirements for,

Helicopter Flying Qualities, Requirements for,
Insignia, National Aircraft.

Inverter, Aircraft, General Specification for.
Jack Pads, Aircraft, Design and Installation of.

Lighting Equipment, Aircraft Instrument Panel,
General Specification for Installation of.

Lighting Equipment, Aircraft, General Specifi-
cation for Installation of.
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2.1.2

2.1.3

MIL-L-6880B

MIL-P-11747

MIL-Q-9858

MIL~-S-6252D

MIL-S-8552A

MIL-W-25140 (ASG)

MIL-W-5013E
MIL-W-5088B (ASG)
Standards. -
MIL-STD-210A
MIL-STD-254 (ASG)

Publications. -

Lubrication of Aircraft, General Specification
for,

Painting, Marking, and Insignia for U.S. Army
Aircraft, General Specification for.

Quality Control System Requirements,

Specifications, Detail, Fixed Wing Aircraft,
Preparation of.

Strut, Aircraft Shock Ahsorber, Air-Oil Type,

Weight and Balance Cortrol Data for Airplanes
and Rotorcraft.

Wheel and Brake Assemblies, Aircraft,

Wiring, Aircraft, 'astallation of.

Climatic Extremes for Military Equipment,

‘Weight and Balance Reporting Forms for Aircraft.

Air Force-Navy Aeronautical Bulletin 143 Specifications and Standards,

use of.

Air Force-Navy Aeronautical Bulletin 421 Atmospheric Properties,

MIL Handbook-5

U.S. Army TCREC-RC

Extreme Cold .ua Hot,
Standard for Aeronautical
Design,

Strength of Metal Elements,

Request for Quotation, Plan-
ning Purposes, for.



G. E. Specification 112, dated 15 Jun, 1962 X353-5B Convertible
Propulsion System,

G. E. Specification 113, dated 1 Mar, 1962 X374 Pitch Fan,

Ryan Specification 14359-1. dated 5 Jul. 1962 Aircratt finish specification,

Ryan Report 62B062 - Appendix A XV-5A Flying Qualities
Ryan Report 62B094, dated 1 Jul. 1962 Structural Design Criteria.
3. REQUIREMENTS. - The characteristics and performance defined in this

specification shall be considered as design ohicectives.

3.1 Characteristics. - The aircraft shall be a mid-wing, litt-fan powered
research aircraft. It shall be propelled by two G. E. X353-5B propulsion systems. [t
shall be capable of conventional wing-supported flight at high subsonic speeds. The
aircraft shall also be capable of VTOL and STOL in the fan-supported flight mode. The
aircraft shall be capable of transition from zero horizontal speed to high horizontal
speed and return through transition to hovering flight, It shall be capable of conven-
tional take-off and landing. During wing-supported flight, conventional control surfaces
shall be utilized. During fan supported flight, control shall be accomplished through
modulation of the air flow through the fans.

3.1.1 Aircraft Three View Drawing. - See Figure 1.
3.1.1.1 Aircraft Cutaway Drawing. - See Figure 2.
3 1.2 Aircraft Pertormance, - Aircraft flight performance shall be in accord-

ance with RI'Q TREC-RC, Anuex C, dated 31 March 1961, These performance require -
ments and the expected flight tests of the airceraft shall provide the hasis for the per-
formance data to be presented.

3.1. 2,1 Designed Aircraft Performance. -

3.1.2.1.1 VTOL Performance. - Net lift to design gross weight ratio shall not be
less than 1, 05 at 2, 500 feet, 93.7 degrees Fahrenheit (ANA 421 Hot Day), after con-
trol power extraction, Net lift is defined as the summation of vertical forces in trimmed
hover condition in or out of ground effect, whichever is less.
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J3.1.2.1.2 VTOL Endurance Missions, -

3.1.2.1.2.1 Mission A. - The aircraft shall be capable of the following endurance
at 2,500 feet, ANA 421 Hot Day, based on vertical take-off at a net lift to design gross
weight ratio of 1. 05.

(@) 5 minutes hover out of ground effect, plus ().

(b) 45 minutes flight at best endurance with both engines operating,
plus (c).

(c) Reserve fuel allowance of 10 percent initial fuel weight.

3.1.2.1.2.2 Mission B. -The aircraft shall he capable of the following endurance
at 2, 500 feet, ANA 421 Hot bay, based on vertical take-off at a net lift to reduced
gross weight ratio of 1. 2,

(a) 5 minutes hover out of ground effect, plus ().

(b) 20 minutes conventional flight at best endurance with both ¢ngines
operating, plus (c).

(c) Reserve fuel allowance of 10 percent initial fuel weight.

3.1.2.1.2.3 Flight endurance at 2, 500 feet, ANA 421 Hot Day, as a function of tahe-
off weight is shown in Figure 3. Missions A and B hover time and fuel rescrve
requirements arc included. A flight endurance capability of 28 minutes is indicotod
for the design gross weight condition of Mission A. Mission B shows an endurance of
11 minutes.

3. 1,2.1,8 Transition Characteristics. - The aircraft shall be capable of vertical
take-off, transition to conventional flight (out of ground effect), and transition bacl to
vertical landing. The aircraft shall be designed to permit stopping or reversing of
transition at any point, and return to the initial flight mode. The aircraft shall He
capable of acceleration by the lift-fan to 120 percent of Vstall Mased on inlet and oait

louvers closed). A safe stall margin shall be provided during conversion hetween (1n
and conventional flight modes. The aircraft shall be capahle of performing the ¢niive
transition to or from conventional flight at constant altitude. Transition shall Le pos-
sible with landing gear extended or retracted,

3.1.2.1.3.1 Maximum speeds for one and two engines, operating in the fan flight
mode, are presented as a function of gross weight in Figure 4. The landing gear i~
assumed retracted. Flap deflection, and effect of angle of attack are also indicated.
Speed curves of 100 and 120 percent of power-off stall speed are provided. A speed
capability equal to the structural limit speed of the fan system is indicated for weiphts
up to and beyond 14, 000 pounds.



3.1.2.1.3.2 Speed and power trim data for fan-flight mode are given in Figures 5
and 6 for aircraft weights of 9200 pounds and 12, 500 pounds. These data are presented
as a function of exit louver deflection, The effect of angle of attack is also shown.

3.1.2,1.4 Horizontal Speed Capability. - The aircraft shall possess a horizontal
flight speed capability of 450 knots (TAS) at 2, 500 feet ANA 421 Hot Day.

3.1.2, 2 Additional Performance. -

3.1.2.2.1 Hovering Performance. - Hover lift capability is given in Figure 7 as a
function of altitude for standard ARDC model atmosphere, and hot day conditions.

1.2, % 2 Conventiona: rlight Performance. - Conventional flight cruise, climb,
and speed performance estimates are based on an ARDC model atmosphere except
where noted.

3.1.2.2.2.1 Range performance as a function of initial weight is given in Figure 8
using an altitude limit of 10, 000 feet. The range mission is described in the figurec.
Speed for maximum range at 10, 000 feet is given in Figure 9.

3.1.2.2.2.2 Flight endurance versus initial weight is presented in Figure 10 using an
altitude limitation of 10, 000 feet. Endurance mission is described in the figure. Air-
speed for maximum endurance at 10, 000 feet is presented in Figure 11,

3.1.2.2,2.3 Maximum rate of climb for various aircraft weights as a function of alti-
tude is presented in Figure 12, Speed for maximum rate of climb as a function of
altitude is given in Figure 13.

3.1.2.2.2,4 A speed-altitude envelope for military power is presented in Figure 14.

3.1.2.2.2.5 Available and required thrust for flight at sea level, 2500 feet, and
5000 feet in ARDC standard atmosphere is presented in Figures 15, 16, and 17 as a
function of gross weight. Similar data for the hot atmosphere (ANA Bulletin No. 421)
is given for altitudes of 2500 feet and 5000 feet, in Figures 18 and 19.

3.1.2.2.3 Minimum Flight Recovery Envelope. ~ Minimum flight recovery envel-
ope for one engine inoperative in fan-flight mode, is shown in Figure 20. The envelope
is based on accomplishment of a recovery flare with 10 feet per second rate of descent
at ground contact. The data are based on an aircraft weight of 9200 pounds.

3.1.2.2.4 STOL Performance. - Runway take-off performance for the lift-fan mode
is shown in Figure 21 as a function of gross weight. Data for take-off over a 50 foot
obstacle is presented for sea level, and 2500 feet altitudes.




3.1.2,2.5 Conventional Take-Off Distances. - Conventional take-off distances

over a 50 foot obstacle are presented in Figure 22. Data for take-off at sea level, and
2500 feet altitudes are presented as a function of aircraft weight. Take-off performance
is based on a 30 degree flap setting, and military power.

3.1.2.2.6 Conventional Landing Distances. - Conventional landing distances over

a 50 foot obstacle are presented in Figure 23. Data for sea level and 2500 foot altitudes
are shown versus aircraft weight. Landing performance is calculated using 45 degree
flap setting, and idle power.

3.1.2:2, 7 Ferry Range. - Ferry-range, based on airspeeds and altitudes for maxi-
mum range with two engines operating, and an initial weight of 12,684 pounds, is pre-
sented in Figure 24.

3.1.2.3 Aircraft Engine Specification. - Aircraft performance specified herein
is based on General Electric X353-5B Propulsion System Specification 112, dated
15 January 1962, and X376 Pitch Fan Specification 113, dated 1 March 1962,
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TAKE-OFF WEIGHT VERSUS EFNDURANCE
2500 FEET ANA 421 HOT DAY
CONVENTIONAL FLIGHT ENDURANCE
FOLLOWING 5 MINUTES OF HOVER
INCLUDES 10% FUEL RESERVE
GAS GENERATOR NOSE FAN BLEED = 10. 6 PERCENT
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C.G. STA. 243.6
-
— — — — — — MAXIMUM WEIGHT FOR
L/W=1,05, 9879 LBS.
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Figure 3 Take-off Weight Versus Endurance



WEIGHT, POUNDS

FAN MODE MAXIMUM FLIGHT BOUNDARIES
SEA LEVEL ARDC STANDARD DAY
GEAR UP, MILITARY POWER
CONSTANT ALTITUDE—UNACCELERATED FLIGHT

(o]
8 =45, p,=45°

14000 L
\
max
Two Engines
12000 -
10000 r—

8000 L—

vmax
One Engine
6000 —
0 J\[ | | | | | |
0o 60 70 80 90 100 110
AIRSPEED, KNOTS
Figure 4. Fan Mode Maximum Flight Boundaries
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TRANSITION TRIM CHARACTERISTICS
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Figure 5. Transition Trim Characteristics, GW = 9200 l1bs.
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TRANSITION TRIM CHARACTERISTICS
CONSTANT ALTITUDE-UNACCELERATED FLIGHT

SEA LEVEL ARDC STANDARD DAY

GEAR DOWN, G.W, = 12,650 POUNDS, & ; =45°
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Figure 6. Transition Trim Characteristics, G,W, = 12,650 lbs.



TOTAL TRIMMED LIFT VERSUS ALTITUDE
GAS GENERATOR NOSE FAN BLEED = 10.6 PERCENT
ZERO FORWARD VELOCITY
CENTER OF GRAVITY = STA. 243.7

8 ONE ENGINE OUT
ANA 421 HOT DAY

6P

ONE ENGINE OUT ——
ARDC STANDARD DAY
4 b

ALTITUDE, 1000 FEET

l |
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/ WEIGHT (9200 LBS)
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Figure 7 Total Trimmed Lift Versus Altitude
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DISTANCE TRAVELED VERSUS INITIAL WEIGHT
CONVENTIONAL TAKE-OFF AND LANDING
CRUISE ALTITUDE = 10, 000 FEET
TWO ENGINES OPERATING
ARDC STANDARD DAY

MISSION DESCRIPTION:

1. FUEL ALLOWANCE FOR STARTING ENGINES, TAKE-OFF, AND
ACCELERATE-TO-CLIMB SPEED IS POUNDS OF FUEL USED IN
5.0 MINUTES WITH NORMAL POWER AT TAKE-OFF ALTITUDE
(95% RPM).

2. CLIMB ON COURSE TO 10,000 FEET WITH MILITARY THRUST.

3. CRUISE AT AIRSPEEDS FOR MAXIMUM RANGE UNTIL 10% OF

INITIAL FUEL REMAINS.
4, 10% OF INITIAL FUEL IS ALLOWED FOR RESERVE AND LANDING.

12000 =
:
=) =
3 11000
A
=
& 10000 |-
—
< 9000 -
) TAKE-OFF AT SEA LEVEL
E w— = - TAKE-OFF AT 2500 FEET
8000
2
0 I R | | 1 | | |
0 100 200 300 400 500 600 700

DISTANCE TRAVELED, NAUTICAL MILES

e Figure 8 Distance Traveled Versus Initial Weight
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n-218-9

WEIGHT, POUNDS

VELOCITY FOR MAXIMUM DISTANCE VERSUS WEIGHT
CONVENTIONAL TAKE-OFF AND LANDING

13000 r

12000 p=

11000 p=

10000 =

9000 p=-

8000 p=

CRUISE ALTITUDE = 10,000 FEET
TWO ENGINES OPERATING
ARDC STANDARD DAY

(=

Figure 9

J\r L 1 | |

225 250 275 300

VELOCITY, KNOTS TAS

Velocity for Maximum Distance Versus Weight
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Ay, @ ARG 0 e

MAXIMUM FLIGHT ENDURANCE VERSUS INITIAL WEIGHT
CONVENTIONAL TAKE-OFF AND LANLDING
CRUISE ALTITUDE = 10, 000 FEET
TWO ENGINES OPERATING
ARDC STANDARD DAY

MISSION DESCRIPTION:
1. FUEL ALLOWANCE FOR STARTING ENGINES, TAKE-OFF, AND

ACCELERATE-TO-CLIMB SPEED IS POUNDS OF FUEL USED IN
5.0 MINUTES WITH NORMAL POWER AT TAKE-OFF ALTITUDE

(95% RPM)
2. CLIMB ON COURSE TO 10,000 FT. WITH MILITARY THRUST

3. CRUISE AT AIRSPEED FOR MAXIMUM ENDURANCE UNTIL 10%

OF INITIAL FUEL REMAINS.
4. 10% OF INITIAL FUEL IS ALLOWED FOR RESERVE AND LANDING.

12000 p—~

11000 p~

10000 p~=

9600 P~ TAKE-OFF AT SEA LEVEL

v == s wm == TAKE-OFF AT 2500 FEET

INITIAL WEIGHT, POUNDS

I 1 ] | J
0 40 80 120 160 200

ENDURANCE, MINUTES

R218-10 Figure 10 Maximum Flight Endurance Versus Initial Weight
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VELOCITY FOR MAXIMUM FLIGHT ENDURANCE VERSUS WEIGHT
CONVENTIONAL TAKE-OFF AND LANDING
CRUISE ALTITUDE =« 10,000 FEET
TWO ENGINES OPERATING
ARDC STANDARD DAY

12000

11000 p~

POUNDS

10000 1~

9000

WEIGHT,

8000

7000 p=-

:l 1 l iy 1 1 J
0 125 150 175 200 225 250

VELOCITY, KNOTS TAS

o Figure 11 Velocity for Maximum Flight Endurance Versus Weight
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ALTITUDE VERSUS MAXIMUM RATE OF CLIMB
100% RPM OR TEMPERATURE LIMITED
ARDC STANDARD DAY

NOTE:
BELOW 10,000 FT. ENGINES AT 100% RPM,
ABOVE 10,000 FT., ENGINES ARE
TEMPERATURE LIMITED,
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MAXIMUM RATE OF CLIMB, FEET/MINUTE
R-210- 12 Figure 12 Altitude Versus Maximum Rate of Climb
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ALTITUDE, 1000 FEET

R-210-13

ALTITUDE VERSUS VELOCITY FOR MAXIMUM RATE OF CLIMB

100% RPM OR TEMPERATURE LIMITED
ARDC STANDARD DAY

NOTE:
BELOW 10,000 FT. ENGINES AT 100% RPM.
ABOVE 10,000 FT., ENGINES ARE
TEMPERATURE LIMITED,

7000 LBS.
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|
30 -
20 $—
|
I
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I
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i J N 1 3
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Figure 13 Altitude Versus Velocity for Maximum Rate of Climb
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ALTITUDE, 1000 FEET

R-210-U
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SPEED-ALTITUDE ENVELOPE
100% RPM OR TEMPERATURE LIMITED
ZERO RATE OF CLIMB
ARDC STANDARD DAY

GROSS WEIGHTS:
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Figure 14 Spced - Altitude Envelope
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THRUST REQUIRED AND AVAILABLE, POUNDS

R-21g- 18

THRUST REQUIRED AND AVAILABLE VERSUS VELOCITY
SEA LEVEL ARDC STANDARD DAY

VL STRUCTURAL LIMIT SPEED
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60601
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Figure 15 Thrust Required and Available Versus Velocity,
Sea Level ARDC Standard Day
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THRUST REQUIRED AND AVAILABLE, POUNDS

THRUST REQUIRED AND AVAILABLE VERSUS VELOCITY
2500 FEET ARDC STANDARD DAY

7000~

VL STRUCTURAL LIMIT SPEE

6000~ THRUST
REQUIRED

THRUST AVAILABLE @ 100% GAS
5000 GENERATOR RPM (TWO ENGINES)

THRUST AVAILABLE @ 95% GAS
4000~ GENERATOR RPM (TWO ENGINES)

\

3000~ THRUST AVAILABLE @ 100% GAS
GENERATOR RPM (ONE ENGINE )

2000~ 1 4000 LBS

12000 LBS
10000 LBS
100048000 LBS N :
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0 100 200 300 400 500 600

VELOCITY, KNOTS TAS

Figure 16 Thrust Required and Available Versus Velocity,
2500 Feet ARDC Standard Day
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R-218-17

THRUST REQUIRED AND AVAILABLFE, POUNDS

THRUST REQUIRED AND AVAILABLE VERSUS VELOCITY

5000 FEET ARDC STANDARD DAY
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Figure 17 Thrust Required and Available Versus Velocity,

5000 Feet ARDC Standard Day
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THRUST REQUIRED AND AVAILABLE VERSUS VELOCITY
2500 FEET ANA 421 HOT DAY
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Figure 18 Thrust Required and Available Versus Velocity,
(IR YTRNT) 2500 Feet ANA 421 Hot Day
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THRUST REQUIRED AND AVAILABLE VERSUS VELOCITY
5000 FEET ANA 421 HOT DAY
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Figure 19 Thrust Required and Available Versus Velocity, 5000 Feet ANA 421 Hot Day
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R-218-20

MINIMUM ALTITUDE TO PERMIT LANDING FLARE, FEET

ESTIMATED FLIGHT RECOVERY ENVELOPE
SEA LEVEL ARDC STANDARD DAY
GROSS WEIGHT =9200 POUNDS
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200 - UNSAFE

100 p—

olt—t—T" | 1 |

0 4 8 12 16 20 24 28

AIRSPEED, KNOTS

Figure 20 Estimated Flight Recovery Envelope
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STOL TAKE-OFF DISTANCE OVER 50 FOOT OBSTACLE

ARDC STANDARD DAY
MILITARY POWER
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f-218-N
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Figure 21 STOL Take-off Distance Over 50 Foot Obstacle
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CONVENTIONAL TAKE-OFF DISTANCE OVER 50 FOOT OBSTACLE
ARDC STANDARD DAY

TAKE-OFF SPEED =1, 2 VSTALL

FLAPS = 30° AILERONS = 10°

3500
3000
f
=
]
<%
83 2500
Z
<
b
2
A
-
g 2000
O
3
1500
1000
s
| 1 1 | | J
0
0 Vfl 6 s 10 12 14
TAKE-OFF GROSS WEIGHT, 1000 POUNDS
ra-a Figure 22 Conventional Take-off Distance Over 50 Foot Obstacle
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CONVENTIONAL LANDING DISTANCE OVER 50 FOOT OBSTACLE
ARDC STANDARD DAY

SPEED OVER OBSTACLE =1.3 VSTALL

\ = 1. 15
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AILERONS = 15°
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R-218- 23 Figure 23 Conventional Landing Distance Over 50 Foot Obstacle
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FERRY DISTANCE
ARDC STANDARD DAY
CONVENTIONAL TAKE-OFF FROM SEA LEVEL

NOTES:

1. TAKE-OFF WEIGHT 12,684 POUNDS

2. TOTAL INTERNAL FUEL 4650 POUNDS. 4600 POUNDS USABLE

3. FUEL ALLOWANCE FOR STARTING ENGINES, TAKE-OFF, AND
ACCELERATE-TO-CLIMB SPEED IS POUNDS OF FUEL USED IN
5.0 MINUTES WITH NORMAL POWER AT SEA LEVEL (95% RPM)

4. CLIMB ON COURSE TO CRUISE ALTITUDE WITH MILITARY THRUST

5. CRUISE AT AIRSPEED FOR MAXIMUM RANGE UNTIL 10% OF INITIAL
USABLE FUEL REMAINS

6. FUEL ALLOWANCE FOR RESERVE AND LANDING IS 10% OF INITIAL
USABLE FUEL
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o
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DISTANCE, NAUTICAL MILES

LRLAY Figure 24 Ferry Distance

31



-

lh

...L-..

;_,_- e —

.JﬁxuﬁLﬁAuiuﬂunug STRUCTURE = INCL TIPS

sl

:

ty -

e

Py
13 .

Ty
5

“

‘_,\flA~‘

UPTACE CONTROLS GROUP

G1Co=0=" AL GROUP WEI =T STATEMENT

WCIGHT EMPTY

N\) GPOUP _

4

_ENTER _SECTION=BASIC STRUCTURE
WTERMEDIATE_PANEL=-BASIC STRUCTURE

FCONDARY STRUCTURE =~ INCL _WINGFOLD MECH

LBS

A LERONS - INCL BALANCE . WEIGHT . Lﬁ&
FLAPS=TRAILING_EOGE _

]

=L AR NG EDGE

e e e —— i ————

A
N

4
N

— e —— i ——— s

e
i i - e
——

f———  r—— e p—— ———m s

‘.‘thQﬁKpf

-

———— — e ——— — ——— - = —

CPOLE

"ARUI7ER=-BASIC STRUCTURE

e R STRUCTURE=-INCL DORSAL LB

“ T TONDARY STRUCTURE= STAQILIZER FINS

i
| o
urm-im

470K - INCL BALANCE WEIGHT |
.AMERS = INCL BALANCE WEIGHT

( ‘WC' (e

USELAGE OR HULL=-BASTC STRUCTURE

TOMA-BASIC STRUCTURE

-800

“FCINDARY )TPUCTURE-FUSS%AGE OR HULL

~=SPEEDBRAKES

-EQgggl_piﬁEqs [2 Misq

_1GHTING GEAR GROUP-LAND - TYPE

LOCATION ~— T#ROLLING sTRuCTftDHTRDLq

) "7#55EHBLY |

NOGE . 23 | 33 |

L6

w\Jn ‘ - _ . 90 } 201

= o - SR G LA

— PR, S .

"HTING GEAR GROUP-WATER

LOCATION. FLOATS | STRUTS [CONTROLY

*OCKPI* CONTROLS

USSR S i ]

JTORAVIC PILOUT

|
DY ST CH CONTROLS = INCL POWER ¢ FEEL C

LANUHM-tO CLS:

G ff*f'ONrgpﬂﬁicsLLF 'GRC !

o))

i !

’ |
INARD

e e
T‘Tia pANELq r Mrs¢ T

=

M|

* WHOELsy RRLTS, TIRESs TUBES AND AIR



Al ‘)163':'7»‘*5

LOROPULSTOM GRGiR

GRCUP WoIGHY STATEMLND
WEIGHT EMPTY

S es af o— —e

LIFT FAN  NOSE FAN

NP | X__AUXILIARY _ XX MAIN X
| B F»'GINF I m'LlArm*' ¥ DIV*E:RTER VAINE 1594 113 Q34 S
L _AFTERAURNEYN ST FUR SEF’ARATELYI T
; 5 ACCESSORY GEAR BOXFS & DRIVES | 30 i _
| & SUPERCHARGER FOR TURRO TYPES | -
7 AI7 INDUCTION SYSTEM =t e 153 . _18 | 26 . .
. EXHAUST SYSTFM T Gr o 230k S
% COOLIMG SYSTEM .. ___ ___. I ' e I
. SPLITTER DUCTS, ETC. _ | | ' - -
) “__IA WCS e =) i R ——
12 COOLING INSTALLATION | 3 ! o
2% DUCTSy PLUMBINGs ETC | l | .
14 FUSL SYSTEM i 0 I
.5 TANXS=PROTECTED | i | "
A& _____ =UNPROTECIED | ’ 68
17 . PLUMBING ETC 36 —
,: _WATER INJECTION SYSTEM -
LG ENGINE co»noo« . el ., j 20 — =20
2 _START { R e _ A
2. __ LIFT I‘AN o .
/? FAN MOUNTING L ‘ N as—— A |
2% PITCH FAN 8 ! 34 | B
25AUX TLTARY POWER PLANT GROUP ! | ! o
PIINSTRUMENTS £ MAVIGATIONAL EQUIRKIIT GROUE - .
ZIHMYDRAULIC & PHEUMATIC GROLP So— i
127, e _ -
V243 (T —— ———
29ELEF‘TRICAL GROUP __ i,
__AC SYSTEM _ __ IS
31 DC SYSTEM [7e T
3ZELECTRONICS 'GROUP _ARCS1X_RADIO P
33 EQUIPMENT . B i
74 CINSTALLATION o i
’3()ARMAM¢NT GROUP = INCL GUNFIRE PROTECTION LBS .
37FURNISHINGS & EQUIPMENT GROUP — >
%6 ACCOI.ODATIONS FOR PERSCONNEL  (I§-2 SEAT) P
%9 MISCELLANEOUS EQUIPMENT )
40 FURNTSHINGS 3 -
41 EMERGENCY EQUIPMENT : % -
L2 !
43ATR COMDITIONING & ANTI= rcms EQUfPMENT GROUP -
,4 AIR COLDITIONING DAl iy
%5 ANTI=ICING _ _
7Dm OGRAPHIC GROUP . _ | L - ]
LLAUT U TARY GEAR GROUP Sl N
"q' HANDLING GEAR | L
50 _ARPESTING GEAR. S
51 CATAPULTING GEAR_ __ R
5+ ATO CLAR PRRST B
’J, SPIN CHUTE L ot
J-MU-HLJFA(—TU?TNG VARIATION 1
l'A:)‘ |
56GOACE TOTAL o =
89 70TAL=1F IGHT EMPTY = T




GROUP WEIGHT STATEMENT
USEFUL LOAD & GROSS WEIGHT

"1LOAD CONDITION - ;  DESIGN | ' T
3CREW = NOs (1) 200 SR
APASSENGERS = NO, .
_SfUEL _TYPE | GALS - | B )
8  UNUSABLE ) B 1Jp-4 R
3 INTERNAL Tank I Jp-4 ! T ]
i ! =~
9.’ e - = -+ + 4 —4 -
14 EXTERNAL | . 5
) T ] I
12 BOMB BAY - B St w1 -
11 o T s
1a071L T T T “*‘ iy T
18 TRAPPED 2qts. | s T 3
16 ENGINE Qs T Loz L -~
ko ‘ e s = - Ie = - =
Y8FUEL TANKS=LOCATION 3 S P S =
19WATER INJECTe FLUID( i CleaLsy 1 N
20 B P
21BARGAGE T i N T
22CARGO ) NI : i T
2% ] ‘ ! 1 . )
2 _MM_AMENT M : | -
F‘GUNS-LOCAHON " FIX/FLEX QUANTITY CALIBER i i i
g“fj_:“‘ T T l a ] T
28 i = .
29 _ B I 3 DT o .
30 ' ; .
53 U e P 4 IS
32 AMMUNITION I ] !
3 - N el e j ‘
3’ S - e * e s e - r - — -
X S N R R i
3 o . _L | :
g S I — e — S S
39 INSTALLATIONS-BOMB, TORAEDOy RO i@?;—_g_f_i‘ T 1
AO#  BOMB OR TORPEDO RACKS | )
& B !
X A S B - - | ;
4 INSTRUMENTATION - _ 300 ¢ o ] - , ;
A4 I _ ] o 1
4% . - — A |
AGEQUIPMENT S SR _ | |
A7 PYROTECMNICS i I
P ~ PHOTUGRAPHIC . R . |
s | ] I R | |
[—S | -.o_ nssn, — ) N n _1 - h 8 - T}: — - r—-» * j
&l o - S e | e ;
S  MISCELLANEOUS ] R X A__i‘ B ff
5 b e
54 IR R S I
SMSEFUL LOAD e T 1T |
86 WEIGHT EMDTY o 7516 - !
s SS WEIGHT 3200 L



3.1.4 Center of Gravity Locations. -

Design gross weight (basic flight): 9200 pounds.
Aft LE of MAC 26.4 percent MAC.
Above LE of MAC 8.4 inches.

Most forward center of gravity possible
in flight at gross weight of 9200 pounds.
Aft LE of MAC 25.6 percent.

Above LE of MAC 6.9 inches.

Most rearward center of gravity possible
in flight at gross weight of 7614 pounds.
Aft LE of MAC 30.9 percent.

Above LE of MAC 8.5 inches.

3.1.5 Areas. - (This information is not to be used for inspection purposes).
Wing area total theoretical including ailerons,
flaps and projection to aircraft plane of sym-
metry (49 square feet of fuselage). 260. 321 square feet

Wing flap area, aft of hinge line, total. 25.3€8 sgquare feet

Aileron area, aft of hing line, including

2.75 square feet of tab area. 20.114 square fect
Horizontal tail area, total. 52. 864 square feet
Elevator, aft of hinge line, per side. 5.985 square feet

Vertical Tail area, total. 50. 995 square feet

Finynot including rudder area aft of
rudder hinge line, 44. 600 square feet

Rudder, aft of hinge line, including
0.714 square feet of tab area. 6.395 square feet
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3.1.6 Dimensions and General Data. - (This information {s not to be used for
inspection purposes. )

Wings:

Span: 29. 833 feet

Chord:
At root. 145. 000 inches
At break of quarter chord line. 109. 005 inches
At construction tip Aheoretical
extended section at tip). 43. 000 inches
Mean aerodynamic. 112.919 inches
LE mean aerodynamic (fuselage
station), 211.140

Airfoil Section:
Butt line 170. 05, NACA 0012-64,
a=0. 8 (modified), Cj;=0.2

f.»f 1 Maximum Thickness:
At root (BL 24. 00) 10. 55 percent
At fan center line (BL 61.00) 11. 84 percent
At quarter chord break (BL 100. 75) 13. 36 percent
At tip (BL 170. 05) 12, 00 percent

Incidence:
Butt line 24. 00 (approximately wing-
fuselage intersection). -0.110 degrees
Butt line 170. 05 (95 percent semi-
span) -3. 00 degrees

Sweepback at 25 percent chord:

Inboard panel. 15. 000 degrees

Outboard panel. 28. 343 degrees
Dihedral:

Inboard panel. 0. 00 degrees

Outboard panel (from BL 107. 00). 4, 00 degrees
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Tail:

Aspect Ratio: 3
Ailerons:
Span, 75.
Chord. (average percent wing chord). 29,
Tab (both wings), span. 39.
Tab (oth wings), chord, average. 4,
Distance from plane of symmetry to
centroid of aileron area, 139.
Amount of aerodynamic balance
(average, excluding seal). 22,

Flaps:

Type: single slotted.
Span (percent of wing).
Chord (average percent of wing).

Horizontal:

Span,
Root chord.

Tip chord.

Airfoil section NACA 64A012.
Incidence (variable) 20 degrees up,
5 degrees down,

Sweep of LE

Dihedral.

Aspect Ratio.

Elevators:

Span, per side.
Root chord (BL 4. 26).
Tip chord. (BL 69. 91).

43.
. 6 percent

13.
65.
30.

19.
0.
3.

5.
16.
10.

. 419

50 inches
63 percent
86 inches
97 inches

61 inches

30 percent chord

0 percent

183 fe-'
64 inches
60 inches

519 degrees
0 degrees
288

471 feet
033 inches
224 inches

Balance. - Internally sealed pressure balance

Aerodynamic balance. (excluding
a(‘al).

19.

4 percent
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Vertical:

Airfoil section:

Water line 113, 00 inches NACA 64A(012) - 016.5
Tip (water line 206. 00 inches) NACA 64A(012) - 013

Sweep of leading edge.
Aspect Ratio.
Tab:
Span.
Chord. (MAC)
Aerodynamic balance (excluding seal).

35. 435 degrees
1.178

24,96 inches
4.128 inches
25. 4 percent

Height over highest point of vertical tail, reference

line level.

Height in hoisting attitude, from top of hoist sling
to lowest part of aircraft.

Length (reference line level).
Length from hoisting sling to farthest aft point.

Distance from wing MAC quarter chord point to
horizontal tail MAC quartzr chord point.

Distance from wing MAC quarter chord point to
vertical tail MAC quarter chord point.

Angle between reference line and wing zero-lift
line.

Rotation ground clearance
Wheel and tire size:
Main wheels.

Nose wheel.

Tread of main wheels (static standing)

Wheel base:
Normal.

VTOL.

14.75 feet
15.0 feet
44, 52 feet
23.0 feet
21. 17 feet
18. 25 feet

-1.50 degrees
21.0 degrees
20 x 4.1
18 x 4.4

100.7 inches

@ 9200 lbs. G. W.

140.4 inches

@ 9200 lbs, G. W,

160. 4 inches

@ 9200 1bs. G. W,
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Vertical travel of axles from fully extended to

fully compressed:
Main wheels. 9.0
Nose wheel. 8.0

Distance from main wheel contact point to center

of gravity (VTOL position):
Horizontal distance:
At most forward CG station 240. 0 inches
at 9200 pounds gross weight 56.0

At most aft CG station 246. 0 inches
at 8481 pounds gross weight. 50. 00

Vertical distance:
At most forward CG water line 113. 6
inches at 9200 pounds gross weight., 80.6

At most aft CG water line 114, 0
inches at 8481 pounds gross weight., 81.0

Distance from main wheel contact point to center
of gravity (conventional position):

Horizontal distance:
At most forward CG station 240. 0 inches
at 9200 pounds gross weight. 36. 00

At most aft CG station 246. 0 inches
at 8481 pounds gross weight. 30.00

Vertical distance:
At most forward CG water line 113. 6
inches at 9200 pounds gross weight. 80. 6

At most aft CG water line 114. 0 inches
at 8481 pounds gross weight, 81.0

inches
inches

inches

inches

inches

inches

inches

inches

inches

inches
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3.1.17 Control Movement and Corresponding Control Surface Movements, -
(The following deflections are variable, and only their maximum limits are shown.
This information is not to he used for inspection purposes. )

Rudder 25 degrees right, 25 degrees left.

Rudder pedals 3. 25 inches forward, 3,25 inches aft.

Rudder tab 10 degrees right, 10 degrees left.

Elevator 25 degrees above, 25 degrees below.

Elevator control 6 inches aft, 6 inches forward.

Ailerons 19 degrees above, 15 degrees below (flaps at 0°).

Aile ns 23 degrees above, 12 degrees below (droop at 15°).
Aileron control stick 5 inches right, 5 inches left.

Aileron tab right side 27. 14 degrees above, 17,70 degrees below.
Aileron tab left side 30. 14 degrees above, 20, 70 degrees below.
Stabilizer 20 degrees L. E. up, 5 degrees L. E. down.

Wing flap 45 degrees maximum movement down,

Nose fan thrust control door deflection (from maximum lift condition)
68 degrees.

Wing fan louver yaw control (B, - B, . total differential vector
left right

at nominal collective lift condition B¢ = 27° with B, = 0°) 32 degrees.
Wing fan louver roll control (fg Bg e total differential stagger
e

at nominal collective lift condition B, = 27° with B, = 0°) 24 degrees.
Collective louver stagger angle (fg) at B, = 0°, minus 13 degrees to
plus 37 degrees.

Collective louver vector angle (Bv) minus 5 degrees to plus 50 degrees.

right =

3.2 General Features of Design and Construction, -

| General Interior Arrangement. - Refer to Figure 2. The forward fuse-
lage shall contain the nose fan, pilot's compartment, and nose gear. A nose fairing

shall be provided forward of the cockpit and shall contain the pitot mast. The nose fan
shall be located directly aft of the fairing and shall be provided with inlet louver closures.
Thrust control doors shall be used to modulate fan lift, and shall be installed below

the nose fan. The cockpit shall utilize side-by-side seating with the pilot located

on the left-hand side of the cockpit. Provisions shall be made for installation of a
passenger-opserver seat, or data acquisition equipment, on the right-hand side of the
cockpit. All primary flight controls shall be routed beneath the cockpit floor. The
forward folding nose gear shall be located directly beneath the cockpit.

3.2.1.1 The center fuselage bay shall contain the avionics group, gas producers,
diverter valves, cross ducts, nose-fan bleed ducts, and one fuel tank. The avionics
group shall be installed in a compartment located directly behind the cockpit bulkhead,
and shall consist of the auto-stabilization system and electrical system equipment. The
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forward main fuel tank shall be located directly behind the avionics compartment and
shall be an integral type tank with bladder scaling. Engine accessory drive equipment
shall be located above the avionics compartment, A separate hydraulic pump, gener-
ator, and mechanically driven fan system shall be installed on each side of the aircraft,
with each system driven by a separate gas producer. Gas producers and diverter valves
shall be located in the top portion of the center fuselage bay and shall be coupled to the
cross-over ducts and conventional -flight tailpipes. A compartment shall be provided
immediately below the forward main fuel tank, which may be used for equipment. Nose
fan gas distribution ducts shal) be located in the center fuselage bay immediately inboard
of the fuselage skin, Flight controls shall be routed from the center fuselage bay out-

board to the wings.

3.2.1.2 The aft fuselage bay shall contain the aft main fuel tank, extended range
dorsal fuel tank, engine tailpipes, main landing gear, and thrust spoiler system. The
aft main fuel tank shall be located beneath the engine tailpipe shrouds, and behind the
cross-over ducts. Conventional -flight tailpipes shall be routed from the aft end of the
diverter valves, to the aft fuselage lower section, Tailpipe expansion features shall be
provided by a bellows-type flexible joint which couples the diverter valves and tailpipe
assemblies. The main landing gear shall be located beneath the aft main fuel tank and
shall provide for two positions: forward for CTOL and STOL; aft for VTOL. A thrust
spoiler system shall be located directly behind the tailpipe nozzles. An anti-spin and
drag chute compartment shall be located in the aft portion of the fuselage.

3.2,2 Selection of Materials. - ANA Bulletin 143 and other applicable design
documents shall be used as a guide .n selection and use of materials.

3.2.3 Workmanship. - Workmanship shall be in accordance with highest
standard aircraft practices, Special attention shall be given to maximum smoothness
ard accuracy of exterior surfaces.

3.2. 4 Production, Maintenance, and Repair, - Design of the aircraft shall
provide for ease of manufacture and maintenance throughout the expected service life.
Power plants, fan assemblies, and equiprment installations shall be readily removable.
The wing, elevators, horizontal stabilizer, ailerons, flaps, and landing gears shall be
readily removable. Requirements for special tools shall be heid to a minimum,

3t & O Interchangeability and Replaceability. - Major assemblies such as wings,
tail surfaces, and control surfaces shall be readily replaceable at their attach points.

3.2.6 Finish, - Aircraft components shall be protected from corrosion, and
finished in accordance with Ryan finish specification 14359-1 dated 5 July 1962, Ex-
terior aircraft surface shall be polished and unpainted with except‘on of materials
subject to corrosion. Interior of the aircraft shall be finished to insure protection
throughout the intended service life of the aircraft.
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3.2.7 Identification and Marking. - Aircraft identification and marking shall
be in accordance with Specification MIL-P-11747, with exception of deviations required
due to unique features of the aircraft.

3.2, 8 Extreme Temperature Operation. - The aircraft shall be designed to
operate satisfactorily within a temperature environment of minus 40° F and plus 135°F.

3:2.,9 Climatic Requirements. - Since the aircraft is primarily a flight re-
search vehicle, there shall Le no provision for climatic requirements other than those
listed in paragraph 3. 2. 8 above,

3.2.10 Lubrication. - Lubrication shall conform to the requirements of
Specification MIT.-1L-£880B.

3.2.11 Equipment and Furnishing Installation. - Equiprnent and furnishings

shall be provided and installed, as described in applicable portions of this specification.

3.2.12 Crew. - The crew shall consist of 1 pilot. Provisions shall be made for
acccmmodation of a second crew member located on the right-hand side of the cockpit.
The pilot shall have all operational control authority. The second crew member shall
be a passenger or observer only,

3.2.13 Noise and Vibration Requirements. - The aircraft and equipment shall
function normally in all extremes of noise and vibration encountered in hovering,
transition, and forward flight.

3.2.13.1 Vibration, - The aircraft shall be designed to insure against the pos-
sibility of catastrophic fatigue failures occurring within the design life of the aircraft.

3.2.13.2 Crew Comfort, -

Sure 13. 2.1 Acoustical Noise. - Insofar as practicable, acoustical noise shall not
exceed limits stated in specification MIL-A-8806(ASG).

3.2.13.2,.2 Vibraiion, - Vibration of crew seats, rudder pedals, control columns,
and primary structure in crew compartment shall not exceed plus or minus 4 g
acceleration at frequencies above 46 CPS. Vibration levels shall not exceed 0. 036
inches double amplitude at frequencies of 46 CPS to 15 CPS. Accelerations greater
than plus or minus 4 g's shall not be exceeded at frequencies of 15 CPS to 10 CPS.
Vibration shall not exceed 0. 080 inches double amplitude at frequencies below 10 CPS.

3.2.14 Aircraft Sustained Operation. The aircraft shall be capable of con-
tinued operation subsequent to the flight test program. Design objective service life
shall exceed 250 hours.
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8.3 Aerodynamics., -

3.3.1 General. - Aircraft design shall maintain smoothness of exterior joints,
fairness of surfaces, cleanliness of intersections, and trimness of contours. Protrusions
shall be limited to those necessary for antennas, scoops, and holes required for venting.

3.3.2 Stability and Control, -

3.3.2.1 Requirements. - Stability and control characteristics shall be in ac-ord-
ance with Appendix A, entitled XV-5A Flying Qualities. A description of the flight
control system is given in paragraph 3. 10.

3.3.2:1.1 Stability Augmentation System. - A stability augmentation system (See
Figures 25 and 26) shall be provided for use in the fan flight mode to meet require-
ments specified for attitude stabilization of the aircraft, The system shall consist of
pilot controls, system controller, 3-axis gyro package, and amplifier. Two channels:
a primary channel (with variable gain features), and a secondary channel acting as
stand-by shall be provided.

3.3.2.1.1.1 Aircraft stabilization shall be accomplished by using 3-axis rate gyro
signals coupled to hydraulic actuators. Actuator nosition shall control the wing-fan

exit louvers and pitch-fan thrust modulators. In addition to angular rate response,
angular position signals shall be provided by electronic integrator networks. In flight,
both primary and stand-by channels shall be energized with provisions for pilot selection
of either channel.

3.3.2.1.1.2 System operation shall provide two modes; a holding mode, and a man-
euvering mode. In the holding mode, B T g+l is the overall system

— = K ——

S¢ 10s +1
transfer function and provides: degrees of louver stagger-angle per fan per degree per
second. Gain (K) shall be variable from 0 to 10. The ratio Tr/IO shall be adjustable
for six preset values of 0. 002, 0,01, 0.02, 0,03, 0.05 and 0.10. Gain and ratio ad-
justment shall be provided in the primary channel only.

3.3.2.1.1.3 In the maneuvering mode, the integrating networks shall be shorted to
eliminate position feedback control signals. The overall system transfer function
then beconless—z = K' providing degrees of louver stagger-angle per tan per degree

per second. Gain (K') shall be variable from 0 to 3. Switches in the primary control
mixing box shall be used to short the integrating networks, and provide gain control
switching. Simultaneous roll and yaw control of the wing-fan exit louvers shall be
accomplished by bridge connection of the louver actuators.
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3.3.2.1. 2 Attitude Control. - All attitude control powers in the lift-fan mode shall
be derived entirely from the main engines, making maximum use of inherent functional
control capability of the lift-fan system. In event of power loss of either engine, atti-
tude control capability shall not preclude execution of a safe landing.

3.3.2.1.3 Control Requirements, Conventional Flight Mode. - The aircraft shall
meet conventional stability requirements of Appendix A without the use of a stabil-

ity augmentation system.,

3.3.2.1. 4 Conversion Between Lift-Fan and Conventional Flight Mode. - The pilot
shall not be required to remove his hands from the primary controls to accomplish con-
version between VTOL and conventional modes of operation. Control transients shall
be minimized by proper coordination of longitudinal trim during lift-fan starting or
shut-down, and by requiring a minimum power change when shifting between the two
modes of operation,

3.3.2.2 Center of Gravity Limits. - See paragraph 3.1.4. and Figure 27. In
general, the aircraft center of gravity limits shall be as follov/s:

(@) Aft limit, Station 246.0
(b) Forward limit, Station 240.0

3.3.2.2.1 The above limits represent the most aft limit from aircraft conventional
flight stability considerations, and the most forward limit from hovering trim consider-
ations.

3.3.3 Flutter Chavacteristics. - The aircraft shall be free from divergence,
flutter, buzz, or other aeroelastic instability throughout its range of design speeds,
altitudes, maneuvers, and loading and weight conditions. Flutter requirements shall
be determined using specification MIL-A-8870 as a guide.

3.4 Structural Design Criteria. - Structural design of the aircraft shall be
derived from the requirements of specification MIL-A-~8860 and Ryan structural design
criteria report No. 62B094. Allowable stress values shall be in accordance with MIL

Handbook-5.

3.4.1 Limit Flight Load Factors. - Aircraft design shall be based on flight
load factors produced by pull-up/push-over maneuvers, and vertical gusts. See figures
28 and 29. Design strength, for weights greater than basic flight design gross weight,
shall be provided by a constant load factor times weight product.

3.4.1.1 Minimum Flying Gross Weight. - 7860 pounds.
Maneuver: Positive 4. 00 Negative 2. 00
Gust: Positive 4. 00 Negative 2. 00



3.4.1.2 Basic Design Gross Weight. - 9200 pounds.

Maneuver: Positive 4. 00 Negative 2. 00
Gust: Positive 4. 00 Negative 2, 00
3.4.1.3 Maximum Design Gross Weight. - 12, 500 pounds.
Maneuver: Positive 2, 94 Negative 1, 47
Gust: Positive 2, 94 Negative 1. 47
3.4.2 Landing Load Factors. - The aircraft shall be designed for conventional

and vertical landings. Design loads shall provide for conventional landing (busic design
gross weight) with the main gear in forward position,

3.4.2.1 Basic Design Gross Weight, - 9200 pounds.
CTOL VTOL
Sinking Speed: Gear forward 10 feet per second 10 feet per second
Gear aft 6 feet per second 10 feet per second
3.4.2.2 Maximum Landing Gross Weight, - 12, 500 pounds.

Sinking Speed: 6 feet per second

3.4.3 Design Speeds. - See Figure 30.
3.4.4 Center of Gravity Limits, - See Figure 27.
3.4.5 Structural Design Service Life. - Structural integrity shall be preserv: .

for a minimum service life of 250 hours distributed at the following flight speeds:
(a) 150 hours at 140 percent stall speed or below.
(b) 75 bours at speed for best cruise.
(a) 25 hours at level flight maximum speed.

3.4.6 Materials. - All construction shall be accomplished using
suitable materials for the environmental conditions involved.

3.5 rling,Groqg.-
3.5.1 Description . nd Components. - The wing shall be a mid-wing monoplane

configuration, Each half span shall consist of an inner panel, housing the lift fan and
trailing edge flap, and an outer panel containing the aileron and wing tip. A wing fan
iniet closure system consisting of butterfly type doors shall be provided. The doors
shall be hinged along the strut fairing of the lift fan in the chord-wise direction, In
fan operation, the doors shall open back-to-back through the use of hydraulic actuators.
Exit louvers under the fan shall provide an exit closure system.
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3. 5.2 Construction, - Wing structure (see Figure 31) shall utilize two half

span spars connected to the fuselage inter-spar structure. Multiple rib-type construc-
tion shall be used for skin stiffening and load carrying. A main rib, outboard of the

lift fan, shall be utilized to distribute loads from the outboard wing panel to the inboard
wing panel, Wing loads shall be carried from the stiffened skin, to the ribs, and beamed
into the forward and aft spars. The wing spars are connected to the inter-spar structure
in the fuselage and transmit wing reaction loads into bulkheads located at each spar,
Wing torsion is transmitted to the fuselage and distributed into the bulkheads through
differential spar bending. Shear loads are handled by fuseiage skin panels. Wing fan
ivuauo are distributed al Luice tvcauvius.  1uc prunarty fau mouae 15 tocated at the forward
spar on the chord center line of the fan and accepts reaction loads in all directions from
the fan. The aft fan mount is attached to the aft wing spar and accepts vertical and later-
al reactions. A third mount is located at the span-wise center line in the fuselage and
reacts to vertical, forward, and aft loads.

3.5.2.1 Wing materials shall be aluminum and fiberglas. Inboard wing skins,
and all wing spars, shall be made of aluminum alloy. Outboard wing panel skins shall
be made of aluminum alloy. The wing tip shall be made of fiberglas.

3.5.3 Ailerons. - Ailerons shall be single spar, ribbed construction (see
Figure 31) made of aluminum alloy. All skins shall be magnesium. An aerodynamic
balance seal shall be attached to the leading edge of the aileron. Aileron trim shall
be provided.

3.5.4 Lift Devices. - Single-slotted flaps shall be installed on the inboard
trailing edge of each wing. Flaps shall be single spar construction (see Figure 31)
made from aluminum alloy. An aileron droop system shall be included to operate

in conjunction with the wing flaps to provide additional lift.

3.6 Tail Group. -
3.6.1 Description and Components, - The tail group shall be a "tee' configura-

tion consisting of horizontal stabilizer, elevator, vertical fin, rudder, and rudder trim
tab.

3.6.2 Stabilizer. - The horizontal stabilizer shall be an all-movable config-
uration and shall be located at the top of the vertical fin, Construction shall consist
of ribs and skin attached to spars (see Figure 31). The primary spar is attached to
the vertical fin at two mounting points. The stabilizer actuator attaches to the forward
spar, providing three mounting points. Stabilizer spars and ribs shall be made of
aluminum alloy covered with magnesium alloy skins,
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3.6.3 Elevators. - Elevators shall be single spar construction with conven-

tional ribs (see Figure 31). The elevator shall be hinged at the horizontal stabilizer
aft spar and actuated by conventional control cable and bellcrank system.

3.6. 4 Fin, - The vertical fin shall consist of three-spar construction (see
Figure 31) with conventional ribs and skin, The rear spar shall provide support for
the rudder. The three spars shall form a torque hox and serve to support the stabilizer

attachment fittings. Spars and ribs shall be aluminum alloy. Skins shall be magnesium,

3.6.5 Rudder. - The rudder shall be single spar construction (see Figure 31)
with conventional ribs. Spar and ribs shall be made of aluminum alloy. Magnesium
alloy skins shall be used. The rudder shall contain a directional trim tab located on
the trailing edge.

3.7 Body Group. -
3.7.1 Fuselage. -
3.7.1.1 Description. - The fuselage shall provide for a nose fan and thrust

modulating mechanism, located in the forward portion of the fuselage. The pilot's
compartment shall be located aft of the nose fan and accommodate 1 pilot and 1 passen-
ger or observer. The nose alighting gear shall be located beneath the pilot's compart-
ment and retract forward. An integral fuel tank shall be installed in the area behind
the cockpit. The gas producers and diverter valves shall be located above the wing

in the top portion of the fuselage. The center bay of the fuselage shall accommodate the
avionics equipment, cross-over ducts, forward main fuel tank and nose fan bleed ducts.
The aft bay of the fuselage shall accommodate the aft main fuel tank, engine exhaust
pipes, and main landing gear. Heat shielding and firewalls shall be provided to protect
equipment and personnel from bleed duct and power plant heat dissipation,

3.7.1.2 Construction., - The fuselage shall be semi-monocoque construction

(see Figure 31) with exception of the center bay which shall be space frame construction
incorporating non-structural access panels. Space frame structure shall act as the
primary load carrying system between the forward and aft spar bulkheads. The space
frame shall also serve as a power plant and cross-over duct mounting. The aft fuselage
shall consist of a five-longeron system on each side of the fuselage. Three aft fuse-
lage frames shall be integral with the vertical fin spars. A bulkhead shall be pro-
vided to distribute landing loads in the fuselage. The fuselage shull be constructed of
aluminum alloy. Skin areas carrying light structural loads shall be made of magnesium
alloy. The forward fuselage fairing shall be reinforced fiberglas.
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3.7.1.3 Crew Station Subsystems. - The crew station (Figure 32) shall be located
in the forward fuselage section behind the nose fan. Side-by-side seating shall be pro-
vided for pilot and passenger. A North American LW-2 ejection escape system shall
be provided for the crew. The pilot shall be located on the left side of the cockpit and
have complete operational authority. The right-hand station shall be provisioned for an
obaerver or flight data acquisition system, Instrumentation shall be provided for VFR
conditions. Crew station access shall be gained through a manually operated canopy,
hinged at the aft end. The canopy shall be designed for removal under emergency
egress conditions and for through-the-canopy ejection at low altitudes.

% 15 LaBal Oxygen System. - A gaseous oxygen breathing system shall be installed
as part of the seat system, and shall be for emergency use only,

3.7.1. 4 Cargo Compartments, - Not applicable.

3.7.1.5 Equipment Compartments. - A readily accessible equipment compart-
ment shall be provided in the fuselage aft of the cockpit bulkhead. Additional compart-
ment space shall be provided in the lower fuselage bay, and between the nose fan bleed
ducts. Compartment space - the lower fuselage bay (presently housing extended range
fuel tanks), may be used for additional stores.

3.8 Alighting Gear. -

3.8.1 General Description and Components. - Alighting gear shall consist of
main landing gear and nose landing gear. Both gears shall be completely retractable
into the fuselage. Mechanical down and up locks with cockpit indication shall be pro-
vided.

3.8.2 Main Landing Gear. -

3.8.2.1 Description. - Each main landing gear shall consist of a vertical acting
shock strut, supporting structure and wheel and brake assembly (see Figure 33). The
gear shall pivot about a trunnion rigidly attached to the fuselage bulkhead. The landing
gear assembly shall have provisions for two positions. The forward position shall be
for conventional flight and STOL; the aft position shall be for VTOL flight operations.
Retraction and extension shall be accomplished hydraulically. An emergency, pneumatic,
gear extension systiem shall be provided to permit gear extension in event of hydraulic
system pressure loss.

3.8.2.2 Wheels, Brakes, and Brake Control Systems. - The main landing gear
wheel shall be 20 by 4. 4 in accordance with specification MIL-W-5013E. Each wheel
shall be capable of rolling under design gross weight conditions a minimum of 1000
miles. The braking system shall be capable of at least 10 stops at 6. 4 feet per second
per second average deceleration. Toe-operated pedals shall be provided for brake

operation. Braking locks shall not be provided.
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3.8.2.3 Casing and Tubes, - Fach of the main gear installations shall be pro-
vided with one 20 x 4,4 by 12 PR nylon type, high pressure, tubeless tire. Tires shall
comply with specification MIL-C-5041B.

3.8.2.4 Shock Absorbcrs. - The main landing gear strut shall be designed in
accordance with specification MIL-S-8552A, Each strut shall be capable of absorbing
the shock of a 10 FPS velocity vertical landing at design gross weight in the hover mode,
and 10 FPS sink rate in the conventional flight mode, at basic design gross weight.

3.8.2.5 Retracting, Extending, and Locking Systems. - Gear retraction and ex-
tension shall be accomplished hydraulically by a folding set of drag links that mech-
anically lock the gear in the extended or retracted positions., Emergency provisions
shall be made to lower the gear in event of hydraulic system pressure loss.

3.8.2.6 Doors and Fairings, - Wheel doors shall be mechanically actuated and
shall close only when the gear is retracted.

3.8.2.7 Inspection and Maintenance. - Provisions for inspection and maintenance
of the installed main landing gear shall be included.

3.8.3 Auxiliary Landing Gear (Tail Wheel). - Not applicable.
3.8.4 Auxiliary Landing Gear (Nose Wheel). -
3.8.4.1 Description, - The nose gear assembly shall consist of a shock strut

with single fork-type axle and wheel assembly (see Figure 33). The gear assembly
shall be attached to the fuselage structure with trunnion fittings. The gear assembly
shall lock in the extended or retracted positions. Emergency provisions shall be in-
corporated for gear extension in case of hydraulic system pressure loss. A nose wheel
shimmy damper shall be provided. Steerable nose wheel provisions shall not be in-
cluded.

3.8.4.2 Wheels. - The nose landing gear wheel shall be 18 x 4. 4 and shall comply
with specification MIL-W-5013E. The wheel shall be capable of rolling under maximum
forward C. G. conditions for a minimum of 1000 miles.

3.8.4.3 Casings and Tubes. - The nose gear installation shall be provided with
one 18 x 4,4 by 10 PR nylon, type VI, high pressure, tubeless tire in accordance with
specification MIL-C-5041B.

3.8.4.4 Shock Absorbers. - The nose gear shock strut shall be designed in
accordance with specification MIL.-S-8552A.

3.8.4.5 Retracting, Extending, and Locking Systems. - Nose gear extension
and retraction shall be accomplished hydraulically by a folding set of drag links
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which lock the gear in the extended or retracted positions. Positive lock provisions
shall be included in event of hydraulic pressure loss. Emergency extension provisions
shall be included.

3.8.4.6 Doors and Fairings. - Wheel doors shall be mechanically linked to
landing gear operation,

3.8.4.7 Steering Control. - Nose wheel steering shall not be provided.

3.8.4.8 Inspection and Maintenance. - Provisions shall be included for inspection
and maintenance of the installed nose gear assembly,

3.9 Alighting Gear (Water Type). - Not applicable,
3.10 Flight Control System. -
3.10.1 Primary Flight Control Systems. - The primary flight control system

(see Figure 34) shall consist of conventional stick and rudder r.edals mechanically con-
nected to aerodynamic flap-type control surfaces, wing-fan exit louvers, and a nose-fan
thrust modulator hydraulic servo valve. Ailerons, wing-fan exit louvers and nose-
fan thrust modulators shall be hydraulically actuated. Actuation of wing~fan louvers
shall be accomplished using two actuators per fan (1 forward, 1 aft) to perform both
vector and stagger functions, using an even-odd louver actuation scheme, Nose-fan
thrust modulation shall be accomplished with one actuator. Wing-fan exit louver and
nose-fan thrust modulator actuator servo valves shall have electrical input features
capable c{ accepting actuator position input signals from the stability augmentation
system amplifiers. The servo system shall be powered by two separate engine driven
hydraulic systems, All hydraulic actuators shall be dual-tandem types. Stick and
rudder pedals shall perform identical attitude control functions in the conventional and
fan flight modes. A collective lift control shall be provided for altitude control in the
fan flight mode. The collective lift control shall adjust wing-fan exit louver stagger,
and nose-fan thrust modulator. Lateral stick motion shall control ailerons and dif-
ferential stagger of wing-fan exit louvers. Longitudinal stick motion shall control
elevators and nose-fan thrust modulators. Rudder pedals shall control the rudder and
differential vector of the wing-fan exit louvers, and also the wheel brakes. A mechan-
ical mixer mechanism shall be installed in series with the cockpit controls and louver
actuator servo valves. The mixer shall be capable of interpreting pilot commands in
positioning of the wing-fan exit louvers. The mixer shall provide a wing-fan control
system disengagement feature for operation in the conventional flight mode. A similar
device shall disengage the nose-fan thrust modulators. Devices shall be provided for
trimming of the fan and aerodynamic control systems in flight. VTOL mo .e control power
and sensitivity shall be adjustable. (Description i Appendix A)

3.10. 1.1 Flight Station Controls. - All flight controls shall be arranged within
the cockpit to provide maximum utility for flight evaluation of the aircraft, and com-
fort to the pilot. The flight controls, their functions, and locations are shown in
Figure 35.
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3.10.1.2 Lateral System. - The lateral (roll) system shall utilize ailerons, and
differential stagger (Figure 36) of the wing-fan exit louver system. Aileron actuation
shall be accomplished using a hydraulic servo system. Differential stagger shall be
controlled by a hydraulic servo system. 1ne lateral control system shall be actuated
by the pilot through the use of push rods and bellcranks. Pilot commands shall pass
through a mechanical mixing mechanism yielding a control signal to the forward and

aft louver actuators. In conventional flight, pilot control forces shall be obtained

from adjustable geared trailing edge tabs. The geared tabs shall incorporate mass
balance. In the fan flight mode, artificial force feel with stick centering shall be pro-
vided. In the conventional flight mode, the fan mode control is disengaged at the mixer,

3.10.1.3 Directional System, - The directional (yaw) system shall utilize a rudder
and differential vector (Figure 36) of the wing fan exit louver system. Rudder actuation
shall be accomplished using a push-rod cable system with a tension regulating cable
drum., Differential vector shall be controlled by a hydraulic servo system. The sys-
tem shall be mechanically actuated by the pilot through the use of push rods and bell -
cranks, Pilot commands shall pass through a mechanical mixing mechanism yielding

a control signal to the forward and aft louver actuators. The rudder shall incorporate
mass balance., In the fan flight mode, an artificial rudder force gradient shall be pro-
vided. In conventional flight mode, fan mode control is disengaged at the mixer,

3.10.1.4 Longitudinal System, - The longitudinal (pitch) system shall utilize an
elevator and nose-fan thrust modulation mechanism (Figure 36). Elevator actuation
shall be accomplished using a push-rod cable system with a tension regulating cable
drum. The nose fan thrust modulator shall be controlled by a hydraulic servo system,
The system shall be mechanically actuated by the pilot through the use of a push-rod
and bellcrank system. Pilot inputs shall pass through a mechanical mixing mechanism
which sums the pitch and collective stagger altitude control commands., The elevator
shall incorporate mass balance. In fan flight mode, an elevator force gradient with
stick centering shall be provided. For conventional flight, fan mode control is dis-
engaged at the mixer,

3.10.1.5 Lift System. - The lift (altitude) system shall utilize collective stagger
of the wing-fan exit louver system and the nose-fan thrust modulator mechanism
(Figure 36). Control shall be accomplished by a hydraulic servo system. The system
shall be mechanically actuated by the pilot through the use of push-rods and bellcranks
connected to servo valves. Pilot commands shall pass through a mechanical mixing
mechanism yielding control signals to the wing fan louver actuators and the nose-fan
modulator actuators. In the conventional flight mode, the lift control system is dis-
engaged at the mixer. The collective lift control shall be irreversible.

3.10. 2 Secondary Flight Control Systems. -

3.10.2.1 Lift and Drag Increasing Device Systems. - Single-slotted flaps shall be
incorporated, and controlled by pilot command. Symmetrical aileron dcilection shall

61



e

o}

LEGEND

— — FPLECTRIC AL WIRE

CABLE

[ I B O R N A N AT |

PURNANENT
ATCN NG PIVO]

HANRA

CoNi ol booR

NOSE GE AL
ACITUATOR
VALV

PLECH E A
DOWOIR AC T

OrvER
NTOR 2

AU TONMA T

STAD

SYSIEM

1
.|

L

7

PHTCH KA LL
GY IO STGNAL

7N

RN R A
IWmial 4

e —— —— — s — — . ——_——

ATl

(R |
RIERY

L

i) |

i | T \\l(\".‘)).»\\ = lil‘:'l)ll(»llL!Ilv\“
i | I‘u )j\‘\'.llr " < yl"]fl'._,““\
. I ; TIT\'P—?\T— RS |
! : 'LH____ :I’ .\Ill'l":llvx: I|( )‘,':,',(\,“
l I POSPTTON m,\‘(‘yﬁ
| ) I RI* =
! f_| N j () |
T —— — > [
oo il HEST 0 )()1 ; I
I I l | f— | [ Y AW (‘l
C | | | = N Lo l |
| L | | | LEVER [ _#T':‘_'T:
e i T i
| 1T A0S SO,
! : l:”“ HmemTﬁﬁm#“%“A
! [ : | swiren €@ I'“l—\u;: ninein
i1 | 1] ®Ne ommiTE
. I l I | e 4»—[—-4
' | | | | : *l“h’ll'\"‘ }-\ AN TN |
| S T S SRS = 1 .
+ 4 - T =
| | L H
| r———*-f-————l——— ———--r +
o e i
| | l | —I.——-——]——--———rT————+—+l—:—-
T i3 B A e e o
- | | R P (9
by +
! | L‘_ T _||____|L._|__
L |
! |I||_'_\ ,-,,|1};|I'-.|L' ' I rt'_
! Tl--!_ f ek b Iiee] I_._1_'“_I i
| 'l .
r? | I | i
| i

T e e e -



AW

Bl b ogtwaldagl oo

AW LN

—
J |'III

()

’F

-—/ ot 1 -ty [

(9]

e WM

@ [[TRe/=

<

MisE I
s

LLECTIEIC A

I
r
|
1

_'_l__ |
|

—_— e = ——




I

[ {ARS |

I
1015k smafieras
I I —]---E
I _ (I = =
|-‘| B J i I I_I
R I e ] =
|'—"“'\:) I |
_‘_. S I _________J
Lﬂ-l g‘{ I 1_““'1” WisecEAS FXT |Ill'~}|i'|-~.-||||:-.
: |
i ¥
] ﬂn-_E' i||,,|_:ll,|] TRE| ] |l | C
| TR IR RN
| | |
L Al TOIAT N _— | 4 T NI R
SEANMILLAA DS P = I T EATe R
=y s W '-_-_J | [
i |
! T | |
: o | ’ |
e | | * +, o = e e e e e i
A A |
r S - I |
ool b AL E v AW WAL
GO SICNAT LY SIS AL | |
I |
\_/ | ,
| £} PO e EA T EE WA T
MARS | I N VAT A
________ - AN i, I
U I |C B NN
______________________ 1l
_______________________ o] rd
LEL L ISLE
_________________________ e —_—— s s e e Bl ALY AT
VALNE
e i Snei L s S g S { e . i ‘i . - s e A, . - — . N S - e e e e e — — — — — —— . . ——— . . S — ——— — —
e . S — | — - o ——— e . i . . s . i, . —— . . — — i, e e e . | S S —— . e |, . S — — ——



———————————————————————————————————— = I
]
I DDER DM |
PATCACTT AT |. |
e []] | & | I
i
-
A Bel Jafrk M
FAN OV ERSPEL D |
SENSOR AN T T i | |
AMIPIAFDER L |
( ) —] & |
- | I
I | PREMT ST Sl 10 AT AL I
: | o= i
| |
I |
(. v |
[ N -
I
I
DIVERTER I I
VALVE —l—1|
|
| ]' I
(! | : ; : o
| I T I T Y R SR b Naviit
————————————— _——_—— || S ) I R TR e | S A S
= A
[ 1] |
e
|1 |
R
DIVEIEE I 'TT: |
|
|1 |'
‘e oo
| :l o T TS B
iz )
T )
J_!I | _!_ o R I T N A AR
4 | o 11
fi|1' = (o)
L 10, |8
SR =
IWERSPEL D fpr———— - | | ||
SESEO AND I | I | i
AMPLIFITN '____--__T‘|
| | | } OB | A v FLAFACTE AT
| e
_____ R =1 9
A =Y 1§ E ;
_________________ J | . "wTr
___________________ -4 (o o LA AT |
O |

Figurc 34 Flight Control System Schematice Diagram



(==

I"-'__ - — e = A1
VTOL  RESET PRI
4 CTUL BY

J N

|

LIFT LEVER CONTROL

d_F-f"""H-F--

™’ FF.-.-FF

POWER CONSOLE

A28 38

o A T

A

o b
R - -




14 1

i

n
K —
LOCKUUT
ON
L6
CPLD OFF ./:
LOUVER STAB AUG
SYSTEM
ot
W R
L D D

YAW ROLL 1
| i
N N
| L R
VTOL YAW
\
1K
fj
K Q AUXILIARY CONSOLE

W

RUDDER PEDALS

B




,f nt rol

LRt
= Yongitudinal
Stick @itch)

| Lateral Stick
(roll)

e Exit louver vector
sclector

Conventional piteh
trim

~-

! Hovering roll-pitch
trem

o Stability Augmentation
Svstem primary -standby
switch

6 Microphone button

-1

Collective Lift
(altitude)

Collective Power

o] Mode Selector

Y Power Reset

10 Electrical System
primary-standby switch

11 Power Levers

Fan VMmlw

Controls nosce fan
thrust modulator doors

Controls differential
wing-tan exit louver
stagger

Commands exit louver
deflection

Operative as in conventional
mode

Adjusts centering devices for
position of the stick for zero
force i hovering

Commands selection of the
primary or standby stability
augmentation systems

Operative as in conventional
mode

Controls collective wing-fan
exit louver stagger and nose
fan thrust modulator doors

Controls gas generator
speeds collectively

Commands conversion to
conventional flight

Commands return to original
gas generator power setting
following automatic cuthack
as a result of fan overspeed

Operative as in conventional
mode

Opecerative as in conventional
mode

‘Conventional Moude

Positions elevaior

Positions ailerons

Inuvperative

Positions horizontal
stabilizer

Inoperative

Inoperative

Authority for
air-ground or air-
air communication

Inoperative

Operative as in
fan mode

Commands conversio
to fan flight

Inoperative

Commands selection
of the primary or
standby electrical sy

Controls gas generat
speeds independently



fan
tor doors

rential
louver

it louver

in conventional

ring devices for
e stick for zero
ring

‘lection of the
tandby stability
systems

in conventional

ective wing-fan
tagger and nose
dulator doors

gencerator
‘tively

onversion to
flight

eturn to original
ropower setting
omatic cuthack

f fan overspeed

. in conventional

,» in conventional

‘Conventional Mode

Positions clevator

Positions ailerons

Inopcerative

Positions horizontal
stabilizer

Inoperative

Inoperative

Authority for
air-ground or air-
air communication

Inoperative

Operative as in
fan mode

Commands conversion

to fan flight

Inoperative

Commands selection
of the primary or

standby electrical system

Controls gas generator

speeds independently

12

13

14

15

16

17

18

1’9

Control

Thrust spoiler control

Flap-Closure control

Closure control lockout

Stability Augmentation System
on-off control

Conventional roll trim

Hovering yaw trim

Conventional yaw trim

Rudder Pedals



{

[

]

Fan Mode spnirol
ontrol

Opcrative i ryst spoiler control
mode

Opcrative ";l’
ap-Closure control
mode with -, 2

function re !
1

|

Inoperative sjgsyre control lockout

¢

¢

Commands Rability Augmentation System

system on Gp off control

OUpcrative as,nventional roll trim
mode

Adjggts Cehjyvering yaw trim
position of
for zero for

Opcerative ayopyentional yaw trim
mode

Co'ntrols dil{uddcr Pedals
exit louver

Figure

Fan Mode

Operative as 1n conventional
mode

Operative as in conventional
mode with closure command
function removed

Inoperative

Commands stability augmentation
system on or off

Opcrative as in conventional
mode

Adjusts centering devices for
position of the rudder pedals
for zero force in hovering

Operative as in conventional
mode '

Controls differential wing fan
exit louver vectoring

Conventional Mode

Commuands thrust
spotiler position

Authority for simul
tancous command of

flap deflection, nosc

fan inlet doors and
thrust modulating doors.
and wing fan cxit louvers

Authority for engagement
and disengagement with
Flap-Closure control and
separate command ol nose
fan inlet doors and

thrust modulating doors,
and wing {an exit louvers

Inoperative

Adjusts aileron trim tab

Inoperative

Adjusts rudder trim tab

Positions rudder

Figure 35 Flight Station Controls

:

63



RIGHT FAN LEFT FAN NOSE FAN FUNCTION
[ | L y |
RV EYIRY: \VAAYYAY:
) LIFT -
. EWD FWD COLLECTIVE
\ B STAGGER
STAGGEF
ANGLE
C . = ) ACCELERATION
AT L AAAT AV G Ll L CONTROL -

/ COLLECTIVE
VECTOR VECTOR
ANGLE

1 1 DIRECTIONAL

T TRIM & CONTROL -

ULLTATH T S DIFFERENTIAL

VECTORING

LATERAL TRIM

AND CONTROL -
- 1 DIFFERENTIAL

w AR NN STAGGER

PITCH TRIM
AND CONTROL
C 1 L J (NOSE UP)
\VAYERVARY, WAL ‘Z] \
\ \ Vo
- ] _ ] P:}I‘)cg TRIMO
AND CONTROL
IYAYAYAY BRYAYAYAY < e (NOSE DOWN)

R-218-24

Figure 36 VTOL Flight Control System Operation

64



also be provided and programed automatically with flap deflection. Flaps shall be
interlocked to prevent selection of VTOL and STOL flight modes unless they are in the
full down position. The flaps shall have provisions for positioning at intermediate
points during conventional flight. A cockpit indicator shall be provided for flap position
information. A thrust spoiler device shall be included to permit high gas producer
output with low forward thrust component, to reduce fan spin-up time during conversion
from conventional to fan flight. An anti-spin and drag parachute installation shall be
provided.

3.10.2,2 Speed Brakes. - Not applicable

3.10.3 Trim Control Systems. - Lateral and directional aerodynamic trim shall

be accomplished by use of electrical screw jacks located in the tab system, Longitudinal
aerodynamic trim shall be accomplished by a hydraulically driven screw jack attached .
to the horizontal stabilizer. Hovering flight trim shall be accomplished by adjustment

of stick and rudder pedal positions for zero forces. Longitudinal trim for transition
shall be accomplished by pre-setting horizontal stabilizer incidence as a function

of stick displacement from neutral. Nose fan thrust modulator neutral stick position
and authority is a function of exit louver position.

3.10. 4 Automatic Flight Control System. - Automatic flight control shall not
be provided. A stability augmentation system shall be provided for fan supported
flight. See paragraph 3.3.2.1.1.

3.10.5 Conversion Interlock System. - The aircraft shall include an electrical
interlock control system to provide proper succession of conversion steps.

3.11 Engine Section or Nacelle Group. -

3.11.1 Description and Components. - Two General Electric J-85-5 turbojet

engines with diverter valves shall be located above the wing, and aft of the crew station,
The engines shall be mounted side-by-side in a common nacelle isolated by vertical

and horizontal firewalls. The engines shall have a common induction inlet with an
internal flow splitter. The inlet is located above and aft of the canopy. Engine access
doors shall be removable to permit simultaneous servicing of the engines. Engine
induction inlets shall be removable for servicing engine controls.

3.11.2 Construction, - The engine access panels shall be an integral part of the
fuselage structure but shall not contain any primary load-carrying structures. Material
shall be aluminum alloy with honeycomb construction with exception of the firewalls.

Air induction inlets shall be made of reinforced fiberglas.

3.11.3 Engine Mounts, - The engine mounting system (see Figure 37) shall con-
sist of master mounts at the diverter valves, and vertical mounts at the forward end of
the engines, Side mounts shall be provided at the lower, forward section of the diverter

valves.
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3.11.3.1 The wing fan mounting system (see Figure 37) shall consist of three
mounts for each fan, A forward master mount attached to the forward wing spar shall
be provided. This mount shall be a ball and socket type capable of accepting reaction
loads in all directions. An inboard side mount shall be provided at the span-wise centery
line of the fuselage. This mount shall be capable of accepting reaction loads in the
vertical, fore, and aft planes. An aft fan mount shall be provided and attached to the

aft wing spar. This mount shall be capable of accepting reaction loads in the vertical
and lateral planes. The fan-surrounding wing structure shall terminate in a circular
seal of flexible material. The seal shall attach to the wing structure and fan frame,
sealing the wing surface and permitting fan movement relative to the wing,

3.11,8; 2 The nose fan mounting system (see Figure 37) shall consist of a master
mount located at the aft section of the fan and attached to a cantilever trussed structure,

Two side fan mounts shall be provided and attached to fuselage longerons,

3.11. 4 Vibration Isolators. - Vibration isolators shall not be required.

3.11.5 Firewalls. - Engine compartment front, bottom, and aft end shall in-
corporate fire isolation provisions. The engine compartment shall be sealed at the
forward and aft ends by vertical titanium firewalls. A horizontal firewall shall seal

the bottom of the engine compartment, This firewall shall be made of titanium and
shall contain holes to accommodate the diverter valves and engine starter lines. Finger
seals shall be used to seal holes around the diverter valves and engine starter lines.
The engines shall be isolated from each other by a vertical titanium firewall that runs
the length of the engine compartment. The top of the vertical firewall shall be sealed
to the engine compartment top panel with a fire resistant seal. A vertical firewall
shall be included to isolate each engine burner section from its compressor section.

3.12 Propulsion Subsystem. -

3-12.1 General Description and Components. - Two General Electric X353-5B
propulsion systems shall be used (see Figure 38 ), Propulsion systems shall be in
accordance with G, E, Specification 112, dated 15 January 1962. A General Electric
X376 Pitch Fan shall be installed in the forward fuselage section and shall be in accord-
ance with G. E. specification number 113, dated 1 March 1962,

3.12. 1.1 Each gas producer (J-85) shall power one-half of each fan turbine,

Engine cross-coupling ducts shall be provided to accommodate single engine power

loss. Single engine power loss shall not produce unsymmetric loading between the fans,
A tailpipe shroud and ejector system shall be employed to remove cooling air from the
engine compartment during conventional flight. Engine-driven fans shall be provided to
augment cooling during VTOL flight. See Figure 39. Nose fan bleed duct shrouds shall
be cooled by cnigine driven fans which supply air along the ducts, and discharge
into the pitch fan inlet duct. Wing fans shall be cooled by forced flow from

engine driven fans past the scrolls, and discharged into the fan inlets. A
thrust spoilcr acvice shall be cmployeu to allow low forward thrust com-
ponent 2t high gas producer output, to aid in  conversion from
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conventional to fan powered flight. Cockpit throtties shall be provided to permit in-

dividual or collective control of the gas generators. A conventional throttle quadrant
shall be provided at the left of the pilot for individual control of gas generator output.
A twist grip on the collective lift control shall afford joint regulation of gas producer
power,

3.12.1.2 An air impingement starter system shall be provided. Starter ducts
shall be routed from each engine, and shall terminate at an external connector instal-
lation located in the lower portion of the center fuselage bay. System installation shall
provide for individual engine starting. Check valves shall be provided in each engine
starter installation,

3.12,1.3 The aircraft fuel system (see Figures 40 and 41) shall consist of a main
fuel system and an extended range fuel system. The main system shall consist of a
forward and aft fuel tank having 2520 pounds total capacity. The extended range system
shall consist of a forward belly tank, and aft belly tank, and a dorsal tank located in
the aft fuselage section above the engine tailpipes. Total capacity using the extended
range system shall be 4650pounds. Extended range tank weight shall not be included
as part of aircraft empty weight, but shall be considered as payload. All fuel tanks
shall be provided with fuel vent lines and overboard vent fittings with screens. All
tanks shall be provided with fuel sumps containing water drain lines and valves. The
main s stem tanks shall contain cross-feed lines and valves. Extended range system
tanks shall be provided with fuel transfer lines and shutoff valves, All fuel tanks, with
exception of dorsal tank, shall contain fuel boost pumps with sufficient capacity to
maintain fuel system pressures. The dorsal tank normally shall gravity feed and shall
not require a boost pump; however, provisions shall be included for adding a boost
pump and sump to permit alternate tank usage. Fuel strainers shall be provided in the
main system fuel lines between the engines and the fuel tanks. Main system lines shall
contain low-pressure warning switches,

8+ 122 Installed Power Plant Performance. -

3.12. 2.1 Installed conventional mode power plant performance shall be calculated
using a General Electric supplied engine performance computer deck describing the
X353-5B propulsion system, Installation losses involved in the calculations shall in-
clude: engine inlet pressure recovery, engine inlet drag, gas producer power extraction,
gas producer turbine discharge bleed, conventional flight exhaust duct loss, and tail-
pipe cooling ejector loss. Hovering performance shall be calculated using a computer
deck and/or the X353-5B propulsion system specification.

3.12.2,2 The engine air inlets shall be sized to minimize losses during lift fan
operation, and to provide satisfactory performance at high flight speeds. A boundary
layer bleed duct approximately 16 square inches shall be located under the inlets, and
furnish cooling air for engine installations. Estimated inlet pressure recovery is
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Figure 37 Propulsion System Mounting
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Figure 38 Propulsion System Components
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Figure 40 Fuel System Tank Location Diagram
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Figure 41 Aircraft Fuel System Schematic Diagram

72



presented in Figure 42, Estimated external drag increment coefficient is shown in
Figure 43.

3.12,2,3 Gas producer power extraction losses shall be based on steady-state
daylight operation. In the conventional flight mode, 13 horsepower shall be extracted
from each engine to accommodate hydraulic drive, cooling fan, and electrical system

requirements, In fan flight mode, 25 horsepower shall be extracted from each engine.

3.12.2, 4 Engine tailpipes shall be approximately 120 inches long, with 2 bends of
20 degrees each located near each end of the tailpipes. Conventional flight exhaust duct
loss shall be calculated using methods supplied by General Electric. Estimated loss

is presented in Figure 44. Preliminary tailpipe ejector performance shall be based

on a boundary layer bleed inlet area of approximately 16 square inches, and a conical
cooling air ejector. Tailpipe ejector performance is presented in Figures 45 and 46.

3.12,2,5 Nose-fan lift data shall be based on a lift capability of 1300 pounds at
2500 feet, ANA 421 hot day. This capability results in a 10. 6 percent turbine discharge
bleed factor which is included in all installed lift performance data used in this
specification,

3.13 Secondary Power and Distribution Subsystems, -

3.13.1 Electrical Power Generation and Distribution Subsystem, - See Figures
47 and 48. Electrical povrer shall be supplied by two engine-driven 28 VDC generators,
Emergency power shall be supplied by battery. Electrical power conversion shall be
accomplished by two 115 V AC, 400 cycle, static inverters. Each inverter shall be
capable of supplying normal current loads. In event of power loss of one inverter,
electrical loads shall be automatically transferred to the other inverter. An external
power receptacle shall be provided for ground checkout.

3.13.2 Hydraulic Power Generation and Distribution Subsystem. - Two inde-
pendent hydraulic systems shall be provided, (see Figure 49). Each system shall
operate continuously, and be capable of supplying full load requirements in event of
pressure loss of one system. Both systems shall use engine-driven pumps. Hydraulic
power shall be provided to control actuators through tandem cylinders positioned by
servo control and solenoid valves. Pressure transmitters in each system shall supply
signals to a dual reading hydraulic pressure gage located in the cockpit. Provisions
shall be included for cockpit warning in event of system pressure loss. External
ground-test connections shall be provided to facilitate filling and system checkout.

3.13.2.1 The following control elements (Figure 50) shall be hydraulically actuated:
wing fan exit louvers, wing fan inlet doors, engine diverter valves, pitch fan controls,
main landing gear actuation, nose landing gear actuation, brakes, horizontal stabilizer,
thrust spoilers, ailerons.
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Figure 42 Estimated Inlet Pressure Recovery
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Figure 45 Ejector Net Thrust/Primary Net Thrust Versus Mach Number
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3.13.3 Pneumatic Power Generation and Distribution Subsystem. - A gascous
nitrogen (GNjy) system shall be provided (see Figure 51). The system shall provide for
emergency landing gear actuation in event of hydraulic system pressure loss. Gasecous
nitrogen shall be stored in main landing gear cylinders.

3.14 Utilities and Equipment Subsystems, -

3.14.1 Alr Conditioning. - Cockpit cooling and ventilation shall be supplied in
the form of fresh ram air. An exhaust fan shall be provided to remove stale air from
the cockpit. Provisions shall not be made for air conditioning.

3.14.2 Anti-Icing. ~ Anti-icing shall not be provided.

3.14.3 De-Fogging. - Circulating fresh air shall be provided for windshield
de-fogging.

3.14. 4 Moisture Control. - Moisture control shall not be provided.

3.14.5 Pressurization. - Cockpit pressurization shall not be provided.

3.14.6 Fire Radiation Hazard Detection. - Fire detection and indicating systems

shall be installed in the engine compartment, and hot gas duct areas, in accordance
with specification MIL-D-7006A (ASG).

3.14.7 Fire Prevention. - Fire prevention features shall be provided in the
form of engine firewalls, isolation areas, and heat shields.

3.14.8 Fire Protection. - Fire extinguishing systems shall be provided in the
engine compartment.

3.15 Mission and Air Traffic Control Subsystems. -

3.15: 1 Communications Subsystem. - A UHF communications system shall
be provided.

3.15.2 Navigation Subsystem. - Not applicable.

3.15.3 Identification Subsystem. - Not applicable.

3.16 Reconnaissance Subsystems, - Not applicable.
3.17 Fire-Power Control Subsystems. - Not applicable.
3. 18 Armament Subsystems., - Not applicable
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3.19 Cargo and Transport Subsystems, - Not applicable.

3.20 Countering Subsystems. - Not applicable.
3.21 Ground Handling and Servicing Provisions, -
3.21.1 Towing Provisions., - Provisions shall be made to forward tow the air-

craft by the nose wheel. Nose wheel design shall accommodate towing speeds of
20 MPH maximum over smooth hard surfaces, and 3 MPH maximum over soft surfaces.

3.21.2 Jacking Provisions. - Provisions shall be included for jacking of the
wings and fuselage. Jack points shall be provided on each main landing gear.

3.21.3 Mooring and Holdback Provisions, - Tie-down lugs shall be provided
to accommodate aircraft mooring. Removable holdback fittings for engine thrust tests
shall be provided.

/
3.21. 4 Hoisting Provisions, - Provisions shall be included for hoisting the
entir¢ aircraft, and major subassemblies.
3.21.5 Handling Provisions, - Dollies shall be provided by the prime contractor

for handling and maintenance of engine, and, wing and nose fan assemblies.

3.21.6 Covers. - Covers shall be provided for environmental protection of the
cockpit canopy, engine inlets and exits, pitot mast, and exposed openings.

3.21.7 Hydraulic Test Equipment. - Hydraulic test equipment shall be provided
for test and operation of hydraulic controls, and individual hydraulic components.

3.21.8 Miscellaneous Servicing Equipment. - Miscellaneous servicing equip-
ment for ground handling and checkout shall be provided as required.

3. 22 Aerial Resupply Subsystems. - Not applicable,

3. 23 Air Rescue Subsystems. - Not applicable.

3.24 Range Extension Subsystems. - Not Applicable

3. 25. Alr Weather Subsystems, - Not applicable.

3.26 Preflight Readiness Checkout Provisions. - Provisions shall be incor-

porated to permit thorough preflight readiness checkout of the aircraft.
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4, QUALITY ASSURANCE PROVISIONS. -

4.1 Unless otherwise specified by the procuring activity, inspection methods
and tests shall be performed using specification MIL-Q-9858 as a guide. Specific
aircraft subsystems shall be inspected as outlined by applicable specifications.

5. PREPARATION FOR DELIVERY. -
5.1 The aircraft shall be prepared for delivery to Edwards Air Force Base,

California, for flight test.

6. NOTES. -
6.1 Intended Use. - This specification is intended to describe the aircraft

to be supplied under terms of the contract.
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1.0 INTRODUCTICH. -

1.1 Scope. - This specification contains design requirements
for the flying qualities of the U. S. Army XV-5A Flight Research Air-

craft. The specification consists of a consolidation of the appli-

cable requirements given in Military Specification MIL-F-8785 (ASG)
Amendment-k, Flying (uelities of Piloted Airplanes, as amended by the
U. S. Army in RFQ TREC-RC Annex C, 31 March 1961; Mi’itary Specifi-
cation MIL-H-8501A, Helicopter Flying and Ground Handling Qualities,
General Requirements for, as amended by the U. S. Army; and addi-
ional requirements for stability and control specified by the U.S.

Army and given in Ryan Report 6183049 Revision B, 29 May 1961.

l.2 For purvoses of this specification, the aircraft shall

be considered to nave an coperatior.al envelope made up of two distinct
parts: (a) 1lift-fen and (b) conventional. The lift-fan portion

of the envelope shell encompass aircraft operation where all or any
part of the sustention and/or propulsion of the aircraft is de-
rived from the lift-fan system. Tals shall include hovering,
vertical flight, transition flignt, taxi, and short take-off and
landing operations with the aircraft in the lift-fan mode. The
conventional portion of the operational envelope shall encorpass

all operetions where the basic gas generator provides the sole means
of propulsion, and, in flignt, the aircraft 1s supported entirely

by aerodyrnamic forces generated on the external surface of the

-

aircrart. Wil | ‘e, /e & .

2.0 APPLICABLE DOCUNMENTS. = None.

-
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3.0 REQUIREMENTS, =

Sl Gereral. -

3.1.1 Craracteristics. - Secction 3 contains requirements for

the flying qualities of the aircrafi in the two operatioral modes,
and for certain relevant ground nandling characteristics. As
directed by the U. S. Army, flying quality requirements given hercin
were derived fundame:.tally from flying qualities specifications

for two different types of aircraft. It cannot be assumed that uLhe
requirements so ootained will in all cases prove most desirable wi-n
consideration 1s given to the innerent flight characteristics of Ulac
aircraft. Because of this, wiere confiicts arise between requirce-
ments given herein and the aircrafl v crnaracveristics considered
acceptable or desirable, erfort shall be extended during the air-
craft design for pilov evaluation of the requirement and tihe
aircraft characteristvic, to esvablish a level of relative accepiabilivy,
naxing use of flight simulation 1f required. In particular, iv is
to be expected that certain reguirecrents specifiea for lift-fan
operation will require special svucy to 25tablisn acceptavility ror
the aircraft. 1In addition, every effort shall be made during ituc
design phase of the aircrafti to proviae desirable characteristics

in those areas not specifically covered by the specification.

3.1.2 Aircraft Lcadings. - An eavelope of cg (center of gravity)

position versus gross weigat scall ve established for the aircraft.
This envelope shall cencompacss all combinations of gross welght ana

c¢g positions tnat could reasornavly ove cxpected or permitbted during

the projected {light resea¥ch itesting of the aircralft. Unless
otherwise specilied, the requircments of section 3 shall apply av

all combinations of gross weignt and ccenter of graviity depicied in

the cg cenvelope. 1In general, compliance with this stipulation may Gue s
establisned by investigation ol Uhu weight and center of gravity

conditvion considerca Lo L LOSU critical.

o



3.1.3 Alvitudes. = Unless otherwise stated, the reguirements
shall apply at all altitudes atv wiich the aircraft might be operatcd
in each of the specified configurations. 1In general, compliance
with this stipulation may be determined by investigation of alti-
tudes consistent with the fliglt rescarch testing of the alrcraft.
These altitudes for conventional operation shall be defined as
follows;
(a) Low altitude; Sea level
(b) High altitude: An altitude not lower than 80 per
cent of the maximun operational altitude.
(c) Medium altitude; Approximately 50 per cent of
high altitude or 40,000 feet, whichever is lower.
The high and medium altitude conditions may be excluded in considera-
tion of configurations L, PA, WO, and TO in investigation of flight
in the conventional mcde (see paragraph 3.1.8 for definition of
configurations). Investigations of flight in the lift-fan mode may

be limited to one altitude. . - ;t

3.1.4 Operatioral Tligiit BEnvcloones. = QOperational flight en-

velopes shall be establishec for each of the two flight modes of

the aircraft as described below. These operatvional flight envelopecs
shall be considered minimum and shall uefine boundaries within
which the aircraft is expected to be operational and within which
the requirements of this specification tnerefore &pply. Within
these boundaries there shall bte no objectionable buffet, trim,

or stability changes, or otner irregularities wnich might detract
from the effectiveness of the aircraft in executing its intended

mission.

3.1.4.1 The lift-fan operatioral envelope shall encompass ell
pertinent translational requirements given in paragraphs 3.3 and
3.5. The symmetrical flight envelope, unless limited structurally,

shall extend from zero normal acceleration or the minimum normal




acceleration achiievatle from trimmed level flight through normal
‘use of conurol (wkichever is greater) to thne maximum attainable
normal acceleration. As a minimum, unless limited by structural
considerations, the envelope snall extend to the maximum horizontal
flight speed achievable in the lift-fan mode, and shall encompass
the maximum altitude consistent with the flight research testing

of the aircraft in this mode.

3.1.k.2 The conventional operational envelope shall be developed
from the aircraft structural design normal load factor envelopes
shown in figure 1, and except for flaps extended, shall encorpass
the maximum operatioral aititude of the aircraft. The flight specd
VM (or MM) envelope snall as a minimum extend to the maximum hori-
zontal flight speecd (VH) attairaple during conventional operation
(figure 2), but shall not exceed tie structural limit speed (VL).
The operational envelopc shall coincide in normal acceleration
with the structural design enveclope up to and including the maximun
operational speed. For flaps extended, the operational envelope
shall coincide in altitude witn that of the lift-fan envelope. For
weights greater than the design gross weight, limit positive and
negative load factors shall be those waich provide constant gross
weight load factor products when applying the limit load factors

at the design gross weight.

3.1.5 Maximum Periissible Sreed Envelope. = A maximum cspeed VD

(or Mb) altitude envelope shall be establilisned for conventional

=i

operation. This maximan permissible speed envelope chail be
derived from consideration oi dives c¢ntered at V... Unless limited
Il

enveiope shall define, at cach

(%]

by structural considerations, tLi
altitude, the maximum spced Irom wiici a recovery can be made which
will result in level flight at an alvituie of not less than 2,000

feet above sea level Wwitanoul cnoounitering intolerable buffev, loss

control, uncontrollabie orim cuanges, Or cther dangerous aircraft
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